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Refining grain size can simultaneously improve both strength and toughness of metals and alloys, and one of the promising 
strategies is to use dynamic recrystallization (DRX) during warm deformation.  It has been reported that warm deformation of 
tempered martensite in carbon steels can produce a fine equiaxed ferrite structure only by a small deformation, i.e., 50 – 70 % 
in reduction, without severe plastic deformation.  However, effects of fine block structure including high density of 
dislocation and hard cementite particle in tempered martensite structure on DRX have not been examined in detail.  Therefore, 
this study aims to clarify the microstructure change and kinetics of formation of dynamically recrystallized grain (DRX grain)
during warm deformation of ferrite with different initial structures by using EBSD measurement.
In this study, an interstitial free (IF) steel containing 1.5%Mn was used to produce ferrite structures with different grain sizes 
and lath martensite structure.  Furthermore, lath martensite structures containing cementite were prepared by using Fe-(0.1, 
0.4)%C-2%Mn alloys.  Those samples of different initial structures were deformed by uniaxial compression up to 90 % 
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changes were characterized by OM, SEM – EBSD, and TEM.
In the present study, there are three main result chapters for understanding microstructure change during warm deformation 
of ferrite as follows:
In Chapter 3, the effects of initial structure on microstructure change during warm deformation of ferrite were investigated.  
In all specimens, fine equiaxed grains surrounded by HAGBs are developed by DRX during warm compression.  The DRX 
grain is mainly formed by transformation of LAGBs of subgrains to HAGBs, which is a type of continuous DRX.  However, 
the kinetics of DRX depends on the characteristics of initial structures, such as grain size, large amount of subgrains / high 
density of dislocations, and cementite.  All of the characteristics promote the formation of DRX grain by increasing lattice 
rotation, resulting in an increase of misorientation of boundaries and thus the lath martensite structures of carbon steels with 
fine block size including high dislocation density and cementite particle accelerates the formation of DRX grain. 
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In Chapter 4, the effects of carbon content on DRX of tempered martensite in carbon steels were observed with two different 
carbon contents.  In the chapter 3, it is confirmed that DRX is accelerated by using lath martensite with cementite particles.  
Increasing carbon content which contains finer block size with higher density of dislocations and larger amount of cementite 
particles may significantly accelerate the kinetics of DRX.  It is shown that the kinetics of DRX grain is accelerated by using 
higher carbon content and finer block size.  
In higher carbon content, the fraction of cementite is much larger, which increases the density of dislocation during 
compression and develops the texture randomization by small deformation, i.e., 30 % in reduction.  This leads to an increase 
of misorientation of boundaries during deformation, resulting in the accelerated kinetics of DRX.  In addition, the initial fine 
grain size, which can act as the site for inhomogeneous deformation as discussed in Chapter 3, also affects the development of 
DRX grain even in lath martensite.  
In Chapter 5, the microstructure evolution during large deformation by torsion was shown.  In the previous chapters, it is 
shown that the development of DRX depends on the characteristics of initial structures.  However, the microstructures 
compressed by the strain of 2.3 still contain the mixture of DRX and deformed grains, especially in the IF specimens.  This 
tendency is also similar even after large deformation by torsion, indicating the steady state in microstructure at the strain level 
of 2.3.  The DRX grain size is somewhat larger in the torsioned specimen than in the compressed cases.  Otherwise, the 
difference in grain size is decreased, when there is cementite particle in the structure, due to the pinning effect of cementite on 
migration of boundaries.  Thus, the critical strain for completion of DRX was considered as the strain having steady state 
condition.  The strain for IF-ferrite and IF-martensite is determined to 2.3, but it is smaller in lath martensite structure of 
carbon steel, especially in higher carbon content. 
From above the results, it can be concluded that adjusting initial structures can be one of promising ways to control DRX 
behavior of ferrite. Use of lath martensite is effective for producing uniform and fine equiaxed grained structure by a small
deformation.
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